Clinical symptoms of Parkinson's disease (PD) include not only motor distress but also autonomic dysfunction. Orthostatic hypotension (OH) occurs in one-fifth to one-half of all patients with PD. We examined the relation of this type of hypotension to clinical features and cardiovascular parameters such as cardiac 123 I-meta-iodobenzylguanidine (MIBG) uptake, changes on the Valsalva maneuver, and plasma norepinephrine concentrations on head-up tilt-table testing (HUT).We performed HUT in 55 patients with PD and divided them into two groups according to the presence or absence of OH, defined as a drop in systolic blood pressure (SBP mmHg) by 20 mmHg or more on standing. We evaluated cardiac sympathetic function by 123 I-MIBG scintigraphy and assessed cardiovascular autonomic function by using the Valsalva maneuver in all subjects. We also performed HUT, 123 I-MIBG scintigraphy and assessed cardiovascular autonomic function by using the Valsalva maneuver in 20 controls.The results of HUTshowed that 20 patients had OH and 35 did not.The hypotension was associated with gender, older age, longer disease duration, posture and gait instability phenotype, low mini-mental state examination scores and visual hallucinations. Cardiac 123 I-MIBG uptakes were lower in patients with OH. SBP fell further during early second phase in patients with OH than in patients without the condition and their increase in SBP during the late second phase and the overshoot of SBP during the fourth phase were lower. The blood pressure recovery time during the fourth phase on the Valsalva maneuver was longer in patients with OH than in those without OH. There was, however, no association between the fall in SBP on HUTand baroreflex sensitivity or the plasma norepinephrine concentrations, adjusted by age, disease duration, disease severity and dopaminergic medication using multiple regression analyses. Patients without OH already had impaired cardiac sympathetic and baroreceptor reflex functions as early abnormalities of cardiovascular autonomic control. Our results suggest that pronounced vasomotor and cardiac sympathetic dysfunction is the primary cause of OH in PD, although baroreceptor reflex failure may also make a minor contribution. It was unclear whether vasomotor and cardiac sympathetic dysfunction in patients with PD was caused primarily by the impairment of preganglionic or postganglionic lesions. 
Introduction
The main motor symptoms of Parkinson's disease (PD) are resting tremor, rigidity, bradykinesia and gait disturbance. PD is also associated with autonomic dysfunction, characterized by signs and symptoms such as constipation, sweating disturbance and orthostatic and postprandial hypotension in progressive disease (Rajput et al., 1984) . Autonomic dysfunction in PD is milder than that in multiple system atrophy (Sandroni et al., 1991a, b; Colosimo et al., 1995; Magalhaes et al., 1995) . However, sympathetic noradrenergic dysfunction is clinically important, because orthostatic hypotension (OH) occurs in 20-50% of patients with PD, potentially affecting their daily activities and quality of life (Micieli et al., 1987; Turkka, 1987; Hillen et al., 1996; Senard et al., 1997 Senard et al., , 2001 Goldstein et al., 2003; Allcock et al., 2004; Goldstein, 2006) .
R E T R A C T E D
Previous studies have found that OH is associated with advancing age, male sex and disease duration or severity (Piha et al., 1988; Sandyk and Awerbuch, 1992; Martin et al., 1993; Magalhaes et al., 1998) . OH also correlates with the clinical subtype of motor symptoms in PD (Haapaniemi et al., 2001; Devos et al., 2003) . Whether dopaminergic medication influences OH remains controversial. The loss of postganglionic sympathetic nervous fibres involved in cardiac and peripheral sympathetic innervation may cause OH in PD, because norepinephrine concentrations are lower in patients with OH than in those without OH (Senard et al., 1990 (Senard et al., , 1993 Galinier et al., 1994; Niimi et al., 1999; Goldstein, 2003) . Baroreflex cardiovagal, sympathoneural or peripheral postganglionic dysfunction may cause OH in PD, because the response of RR intervals to increases or decreases in blood pressure is low, blood pressure decreases progressively during phase II, and blood pressure does not exceed the baseline value during phase IV on the Valsalva maneuver (Goldstein et al., 2005) . However, it remains unclear which of type of dysfunction is primarily responsible for OH in PD. The aims of this study were (i) to examine differences in clinical features and phenotypes between PD with and that without orthostatic hypotension and (ii) to clarify the pathogenesis of orthostatic hypotension in PD on the basis of 123 I-metaiodobenzylguanidine (MIBG) uptake by the heart, hemodynamic autonomic testing on the Valsalva maneuver, and the response of plasma norepinephrine concentrations to head-up tilt-table testing (HUT).
Methods Subjects
One-hundred eight patients meeting the diagnostic criteria for PD proposed by Calne et al. (1992) were entered into a research database at Aoto Hospital, Jikei University School of Medicine. Fifty-five of these patients were recruited into this study, after excluding patients who were not able to perform HUT or the Valsalva maneuver because of motor impairment, cardiac disorders or other reasons. The subjects were 32 women and 23 men with a mean age of 68.1 AE 4.6 years (range, 56-80 years) and a disease duration of 1-12 years (mean, 4.4 years). No patient had abnormal findings on magnetic resonance imaging, including evidence of brain ischaemia, cortical and brainstem atrophy, ventricular enlargement or cerebellar atrophy. All patients received levodopa or a dopa agonist and had good responses. No patient had signs or symptoms of cardiac disease or any abnormalities on chest radiography, electrocardiography or cardiac echography. We also excluded patients who were receiving medications with potential effects on autonomic function, such as beta-blockers, anticholinergic agents or antihypertensive drugs. No patient had previously received drugs with potential effects on 123 I-MIBG uptake at sympathetic nerve terminals (Hesse et al., 2005) .
Levodopa was given to 39 patients, ergot dopamine agonists to 22 and non-ergot dopamine agonists to 11. Treatment was continued during the study. Daily levodopa-equivalent-unit (LEU) doses were calculated on the basis of the theoretical equivalence to levodopa, i.e. ergot dopamine agonists such as cabergoline (mg) Â 67, pergolide (mg) Â 100, to facilitate direct comparison of dopaminergic medication between patients with and those without OH (Hobson et al., 1999; Deep Brain Stimulation for Parkinson's Disease Study Group, 2001) . No patient was receiving bromocriptine. The only non-ergot dopamine agonist used in this study was pramipexole. We did not change the dosage or type of dopaminergic medication during the study. The severity of PD was assessed using the motor subsection of the Unified Parkinson's Disease Rating Scale (UPDRS motor score). Subjects were determined to have the tremor phenotype (TDT), posture and gait instability phenotype (PIGD) or indeterminate phenotype (INT) by calculating the ratio of the global tremor score to the global posture and gait score, derived from the motor subsection of the UPDRS score (Fahn et al., 1987) . Subjects with a ratio of less than 1.0 were considered to have a PIGD phenotype, and those with a ratio of 1.0 or more were considered to have a TDT phenotype or INT phenotype.
A Mini-Mental State Examination (MMSE) (Folstein et al., 1975) was performed in all patients. Descriptions of visual hallucinations (VH) were derived from clinical interviews with the patients and their caregivers (Holroyd et al., 1995) . Patients with VH had to have experienced VH at least several times previously, irrespective of the relation of VH to medication. We excluded patients who had an MMSE score of less than 20, because it was unlikely they could adequately comprehend and respond to the interview questions (Oishi et al., 2005) .
As controls, 20 age-matched controls (12 men, 8 women, age 68.7 AE 2.8 years, range 61-74 years) with no neurological disorders were studied. None of the controls had clinically significant illnesses potentially affecting the cardiac autonomic nervous system.
Head-up tilt-table testing (HUT)
All subjects underwent HUT in a silent room, maintained at an ambient temperature of 23 to 26 C. Most subjects were studied in the morning with no medication after they had fasted overnight, except for non-caloric liquids. The subject was tilted to a 60 upright position within 15 s by means of a head-up tilt table. Subjects were defined as having OH if the standing systolic blood pressure fell by 20 mmHg or more (Kaufmann, 1996) . Systolic blood pressure (SBP), diastolic blood pressure (DBP), RR intervals and plasma norepinephrine concentrations (NE, pg/ml) were measured after 20 min of rest in the supine position and after 10 min in a tilted position on a tilt table. Venous blood was drawn through an indwelling catheter. Plasma NE concentrations were assayed by high-performance liquid chromatography according to methods validated by SRL Inc. (Oka et al., 2006a, b) . Differences in the plasma NE concentrations between the two positions (iNE) were also calculated.
Cardiac

123
I-MIBG scintigraphy
The subjects were given an intravenous injection of 111 MBq 123 I-MIBG (Daiichi Radioisotope Laboratories Co., Tokyo, Japan). Relative organ uptake of 123 I-MIBG was determined by regionof-interest (ROI) analysis in the anterior view. The ratio of the average pixel count in the heart (H) to that in the mediastinum (M) was calculated (H/M ratio) after 15 min (early) and after 3 h (delayed).
R E T R A C T E D
Valsalva maneuver
The Valsalva maneuver was done by having the subjects exhale into a mouthpiece at an expiratory pressure of 40 mmHg for 15 s. Blood pressure and RR intervals were measured during the Valsalva maneuver by tonometry, using a non-invasive blood pressure monitoring system (CBM3000, Nihon Colin Co., Ltd, Komaki, Japan). The results were analysed as described previously (Oka et al., 2006a (Oka et al., , b, 2007a . SBP decreases in early phase II because of reduced cardiac output, in turn decreasing venous return and stroke volume, despite tachycardia caused by the withdrawal of cardiovagal control (phase II_E, mmHg). The decrease in SBP is arrested within at least 8 s. Late phase II is associated with an increase in blood pressure, reflecting the activation of vasomotor sympathetic nerves (phase II_L, mmHg). A transient fall in BP (phase III), lasting 1 to 2 s, occurs at the end of the Valsalva maneuver because of sudden drops in intrathoracic and abdominal pressures (Korner et al., 1976) . Phase IV is the overshoot of blood pressure (phase IV, mmHg) due to the activation of cardiac sympathetic nerves (Sandroni et al., 1991a, b) . Time intervals were determined for two periods of the Valsalva maneuver, from the end of phase III to the complete return of SBP to the baseline value (blood pressure recovery time: PRT, s) (Vogel et al., 2005) . Baroreceptor reflex sensitivity (BRS, ms/mmHg) was derived from the correlation of RR with SBP during the early second and fourth phases of the Valsalva maneuver (Vogel et al., 2005; Oka et al., 2006a Oka et al., , b, 2007a .
Statistical analyses
Statistical analyses were performed using a statistical data analysis system (Esumi Co., Ltd, Tokyo, Japan). Pairwise comparisons were made using 2 tests for binary variables such as gender, motor phenotype, VH and the number of medications. Differences between groups were compared with the use of Welch's t-test for continuous variables. Significant differences among controls, PD with OH and PD without OH were determined by the two-tailed multiple t-tests with Bonferroni correction following analysis of variance (ANOVA). Relations between MMSE score or VH and the fall in SBP were evaluated by multiple logistic regression analysis, adjusted by risk factors such as age, disease duration, UPDRS motor score and dopaminergic medication. Correlations of the fall in SBP on HUT with cardiac 123 I-MIBG uptake and various indices of autonomic activity, such as the responses on the VM and the changes in NE on HUT, were evaluated by multiple regression analysis, adjusted by risk factors such as age, disease duration, UPDRS motor score and dopaminergic medication. P-values of less than 0.05 were considered to indicate statistical significance.
The ethics committee of Jikei University School of Medicine approved all procedures.
Results
Clinical characteristics of patients with and without OH
Twenty patients had OH, and thirty-five did not. A few patients experienced a floating sensation, but complaints during tilt table testing were minimal. Patients with OH were likely to be male and those without OH were likely to be female. Many patients with OH had PIGD phenotype.
Patients with OH had a significantly longer duration of disease than patients without OH. VH was more frequent among patients with OH than among those without OH. The MMSE score was lower in patients with OH than in those without OH. There was no significant difference in the UPDRS motor score or dopaminergic medication between patients with and those without OH (Table 1) .
Baseline hemodynamic data, cardiac 123 I-MIBG scintigraphy, autonomic parameters on the Valsalva maneuver and HUT There were no significant differences in SBP, DBP or RR interval at rest among the controls, patients with and those without OH. SBP and DBP were decreased in patients with OH, while there was no difference among the groups was in BRSs and phase IV in patients without OH were significantly lower than those in the controls. BRS IV and phase IV in patients with OH were significantly lower than those in patients without OH, whereas there was no significant difference in BRS II between patients with and without OH. Plasma NE concentration in the supine position was slightly but not significantly lower in patients with OH than in those without OH. Plasma NE concentration in the upright position and the difference in the plasma NE concentrations between the two positions (ÁNE) were significantly less in patients with OH than in those without OH (Table 2) .
Multiple regression analyses between the fall in SBP on HUTand MMSE score After adjustment for age, disease duration, the UPDRS motor score and dopaminergic medication on multiple regression analyses, the fall in SBP on HUT was significantly associated with the decrease in MMSE score (Table 3) .
Multiple logistic regression analyses of the fall in SBP on HUTand motor phenotype or VH Patients with PIGD phenotype or VH had a greater decrease in SBP on HUT than did patients with TDT phenotype or patients without VH, adjusted by disease duration, the UPDRS motor score and dopaminergic medication on multiple logistic regression analyses (Tables 4 and 5) . Note: PD = Parkinson's disease; OH = orthostatic hypotension; SBP = systolic blood pressure; DBP = diastolic blood pressure; H/M = the ratio of the average pixel count in the heart (H) to that in the mediastinum (M); Phase II__E = SBP decrease during early phase II; phase II__L = SBP decrease during late phase II; BRS II and BRS IV = baroreflex sensitivity in phase II and IV; Phase IV = the overshoot of SBP during the phase IV; PRT = blood pressure recovery time from the end of phase III to the complete return of SBP to the baseline value in phase IV; NE = norepinephrine concentration; ÁNE = the difference in plasma NE concentrations between the supine and upright positions; NS = not significant; data = means AE SD. 
R E T R A C T E D
Multiple regression analyses of the fall in SBP on HUTand cardiac 123 I-MIBG scintigraphy or autonomic parameters on the Valsalva maneuver and HUT After adjustment for age, disease duration, the motor subsection of the UPDRS and dopaminergic medication on multiple regression analyses, the fall in SBP on HUT was associated with a delayed H/M ratio of cardiac 123 I-MIBG uptake, larger phase II_E, smaller phase II_L and phase IV and longer PRT. The early H/M ratio, baroreflex sensitivity in phase II or IV, and plasma NE concentrations did not correlate with the fall in SBP on HUT (Table 6 ).
Discussion
In this study, OH in patients with PD was significantly associated with sex, age, disease duration, disease severity, PIGD motor phenotype, MMSE score and VH, but not with dopaminergic medication. Patients with OH were likely to be male and those without OH were likely to be female. Previous studies showed that OH was associated with increasing age and male sex, as well as with disease duration or severity (Piha et al., 1988; Sandyk and Awerbuch, 1992; Martin et al., 1993; Magalhaes et al., 1998) . Some investigators have reported that the frequency of OH in PD suggests that OH is occasionally already present around the time of onset of movement disorders (Turkka, 1987; Senard et al., 1997; Goldstein et al., 2005; Allcock et al., 2006) . Men with PD are considered to have a more rapid decline in motor functions than women. Note: H/M = the ratio of the average pixel count in the heart (H) to that in the mediastinum (M); Phase II__E = SBP decrease during early phase II; phase II__L = SBP decrease during late phase II; BRS II and BRS IV = baroreflex sensitivity in phase II and IV; phase IV = the overshoot of SBP during the phase IV; PRT = blood pressure recovery time from the end of phase III to the complete return of SBP to the baseline value in phase IV; NE = norepinephrine concentration; ÁNE = the difference in plasma NE concentrations between the supine and upright positions; SE = standard Error; NS = not significant; data = means AE SD. 
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Note: OR = odds ratio; CI = confidence interval. PIGD phenotype = posture and gait instability phenotype; SBP = systolic blood pressure, HUT = head-up tilt-table testing; LED = daily levodopaequivalent-unit dose; NS = not significant. a Risks were adjusted by age; disease duration; motor subsection of the Unified Parkinson's disease rating scale (UPDRS motor score) and dopaminergic medication.
R E T R A C T E D
Patients who had PD with OH had a longer duration of disease than those without OH in our study. Orthostatic parameters were reported to be more sensitive to the duration rather than the severity of disease (Mesec et al., 1993) . These findings may be related to treatment with higher doses of dopaminergic medications, in turn possibly accounting for the orthostatic drop in blood pressure (Jankovic and Kapadia, 2001 ). However, Goldstein et al.
reported that OH was unrelated to levodopa treatment (Goldstein et al., 2005) . In our study, OH was not associated with dopaminergic medication, including levodopa as well as ergot and non-ergot dopamine agonists. Our study demonstrated a significant association between VH and OH. Autonomic dysfunction has been reported to be more strongly related to PD with VH than without VH (Williams and Lees, 2005) . The cardiovascular system is thought to be regulated by centres responsible for autonomic nervous control, such as the amygdala, hippocampal or paraventricular region and the frontobasal cortex (Mathias and Bannister, 1999) . Lesions in these centres are apparently associated with VH (Harding et al., 2002) . We have previously reported that cardiac and vasomotor sympathetic dysfunction is more severe in patients with VH than without VH (Oka et al., 2007b) . These dysfunctions are probably attributed to Lewy-body lesions or neuronal loss in sympathetic ganglia, the central autonomic system, or both (Oka et al., 2007a) .
Our findings indicated that OH was associated with PIGD motor phenotype, but not with tremor motor phenotype. Some studies have found that the severity of autonomic deficits correlates with the clinical type of motor symptoms in PD. A significant negative correlation has been found between heart-rate variability and the severity of limb and axial bradykinesia, but not tremor (Haapaniemi et al., 2001) . Sympathetic impairment on autonomic function tests has been considered more pronounced in akinetic type patients than in tremor type patients (Mesec et al., 1993; Saiki et al., 2004) .
Our study also showed that patients with OH had a lower MMSE score than those without OH. Dementia often complicates the course of PD. Age and disease severity have been associated with dementia in some studies (Hughes et al., 2000; Levy et al., 2002; Marder et al., 2002) . However, the association of OH with dementia in PD remains unclear (Idiaquez et al., 2007) . Diffuse or transitional Lewy body disease has been considered the primary pathological substrate for the subsequent development of dementia in PD. Lewy bodies in patients with OH may be widely distributed, not only in the brain but also in peripheral sympathetic ganglia. The differences between PD and dementia with Lewy bodies remain controversial (Oka et al., 2007a, b, c) .
We also examined the association of OH with autonomic parameters such as cardiac 123 I-MIBG uptake, changes on the Valsalva maneuver and plasma NE concentrations on HUT. Even patients without OH had lower cardiac MIBG uptakes, BRSs in phase II and phase IV, and overshoot of SBP in phase IV as compared with the control values. Furthermore, patients with OH had reduced 123 I-MIBG uptake as compared with patients without OH. Vasomotor and cardiac sympathetic functions on the Valsalva maneuver were more impaired in patients with OH than in patients without OH. NE responses on standing were decreased in patients with OH as compared with patients without OH.
OH in PD has been extensively studied. Baroreflex sensitivity has been reported to be variably decreased in PD (Szili-Torok et al., 2001; Oka et al., 2003) . In PD without OH, the baroreflex-cardiovagal gain is significantly decreased as compared with normal values, but in PD with OH the baroreflex-cardiovagal gain is universally very low. Baroreflex sensitivity is regulated mainly by parasympathetic activity (James et al., 1996; Kautzner et al., 1996) . A reduced baroreflex-cardiovagal gain might indicate dysfunction of the reflex arc consisting of the afferent glossopharyngeal or vagal nerve, solitary nucleus and ambiguus nucleus of the medulla and the efferent vagal nerve to the sinus node in the heart (Joyner and Shepherd, 1997) . Baroreflex sensitivity may decrease if lesions impair any part of this circuit. In this study, the decline in baroreflex sensitivity was slight but statistically significant in patients with OH. However, multiple regression analyses after adjustment for age, disease duration, the UPDRS motor score and dopaminergic medication showed no significant correlation between OH and baroreflex sensitivity. Cardiac sympathetic denervation in itself is not thought to cause OH (Robertson et al., 1993a, b) . These findings suggest that baroreflex sensitivity does not contribute to OH in PD.
Multiple regression analyses also demonstrated that OH significantly correlated with the delayed H/M ratio of cardiac 123 I-MIBG uptake, but not with the early H/M ratio. Perhaps cardiac sympathetic denervation contributes slightly to OH in patients with PD, although Goldstein has reported that patients with cardiac transplants do not have persistent OH (Goldstein, 2003) . These facts suggest that failure of baroreflex-cardiovagal gain does not contribute to OH, whereas cardiac sympathoneural failure may be involved. In our study, OH in PD significantly correlated with the decrease in SBP during the early phase II (phase II_E), the increase in SBP during the late phase II (phase II_L), the overshoot of SBP during phase IV (phase IV) and blood pressure recovery time in phase IV (PRT). Early phase II (phase II_E) is characterized by a fall in BP due to reduced cardiac output and shortening of RR intervals caused by the attenuation of cardiovagal control. SBP elevation during the late second phase (phase II_L) indicates vasomotor function, and that during the fourth phase (phase IV) indicates cardiac sympathetic function (mainly cardiac muscle contraction) (Sandroni et al., 1991a, b) . PRT reflects the adrenergic component of baroreflex function, accompanied by muscle sympathetic R E T R A C T E D neural activation with norepinephrine release and binding to -adrenergic receptors, resulting in vasoconstriction and BP recovery (Vogel et al., 2005; Oka et al., 2007a, b, in press) . Therefore, OH is apparently caused by impairment of baroreflex-cardiac and vasomotor sympathoneural gain. Many investigators have reported that patients with PD and OH have lower plasma NE concentrations than patients without OH (Turkka, 1987; Senard et al., 1990 Senard et al., , 1993 Galinier et al., 1994; Niimi et al., 1999; Goldstein et al., 2003) . In our study, the plasma NE concentration in the supine position was slightly but not significantly lower in patients with OH than those without OH. Nonetheless, the plasma NE concentration in upright position and the difference in plasma NE concentrations between the upright and supine positions were significantly less in patients with OH than in those without OH. However, after adjustment for age, disease duration, UPDRS motor score and dopaminergic medication on multiple regression analyses, there was no significant correlation between OH and the plasma NE concentrations.
Perhaps proportional increases in NE release from reduced vesicular stores resulting from partial loss of sympathetic fibers led to the non-significant difference in plasma NE concentrations between patients with and those without OH in this study. Measurement of plasma NE concentrations might fail to detect real decreases in NE release, because denervation would concurrently decrease both the release and reuptake of noradrenaline (Goldstein, 2003) . Decreased plasma NE concentrations have been suggest to indicate sympathetic dysfunction involving peripheral sympathetic innervation (Turkka, 1987; Senard et al., 1993; Goldstein et al., 2003) . Unfortunately, we could not determine whether OH in patients with PD is caused by preganglionic or postganglionic dysfunction on multiple regression analyses adjusted by risk factors. We speculate that no apparent association between plasma NE concentrations and the fall in SBP on HUT may be attributed to the effects of dopaminergic medication or denervation supersensitivity of postganglionic sympathetic terminals; however, supporting evidence is lacking.
Our study also showed that even patients without OH had lower cardiac MIBG uptakes Orimo et al., 2005) , BRSs and overshoot of SBP in phase IV as compared with the control values. Even patients who have PD without OH can show certain degrees of alteration in cardiovascular autonomic control in response to gravitational stimuli (Barbic et al., 2007) . Our results suggested that cardiac sympathetic and baroreceptor reflex functions were impaired even in patients without OH as an early abnormality of cardiovascular autonomic control.
Our results suggest that pronounced vasomotor and cardiac sympathetic dysfunction might cause OH in patients with PD. Baroreceptor reflex failure may also partially and minimally contribute to OH. Patients without OH had already impaired cardiac sympathetic and baroreceptor reflex functions as early abnormalities of cardiovascular autonomic control. It was unclear whether vasomotor and cardiac sympathetic dysfunction in patients with PD was caused primarily by the impairment due to preganglionic or postganglionic lesions.
